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1. INTRODUCTIGN

Severe tropical cyclones (typhoons and hurricanes) are
among the most destructive weather phenomena a ship may
encounter whether the ship be in port or at sea. When faced
with an approaching typhoon, a timely decision regarding the
necessity and method of evasion must be reached. Basically,
the question is: Should the ship remain in port, evade at sea,
or if at sea, should it seek the shelter offered by a harbor?

An attempt is made to answer this question regarding the
Japanese port of Kagoshima and the Numazu Operating Area. The
intent is to provide an aid to the commander in his decision
making process.

In general, it is an oversimplification to Tabel a
harbor as merely good or bad. Consequently, an attempt is
made to present enough information about the harbor/operating
area to aid a commanding officer in reaching a sound decision
with respect to his ship. The decision should not be based
on the expected weather conditions alone, but also on the ship
itself, as well as the characteristics of the harbor/operating
area. These characteristics include, but are not limited to,
natural shelter provided, port congestion, support facilities
(normal and emergency) available, and alternatives for evasion
of the storm.
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2. TROPICAL CYCLONES

2 SR NI TN = i | B

An informative and convenient method to view the typhoon
is to look at its evolution from a weak tropical disturbance
to its dissipating stage. The evolution from a tropical
disturbance to a mature typhoon and subsequent weakening and
dissipation is usually a slow process but it can at times be
very rapid. Several of the terms used to describe the 1ife
cycle are as follows (adapted from Crutcher and Quayle, 1974):

1. Tropical Cyclone

A tropical cyclone is a cyclone originating over
the tropical ocean. Weather fronts are not associated with
the tropical cyclone as with temperate latitude cyclones and
most of its energy is derived from an intricate system which,
to a large extent, is dependent upon the sea-surface tempera-
ture (SST). Tropical cyclones rarely are generated when the
SST is less than 26°C. In the Northern Hemisphere the wind
rotates counterclockwise around the warm center core of low
pressure. Official, consecutively numbered warnings are
disseminated by the Fleet Weather Central/Joint Typhoon
Warning Center, Guam (FWC/JTWC) on tropical cyclones in the
western Pacific at approximately six-hour intervals.

2. Tropical Disturbance

A tropical disturbance, the formative stage from
which a typhoon may develop, is a weak low pressure area
characterized by below normal pressure, above normal cloudi-
ness, shower activity and weak cyclonic wind flow. The
disturbance forms in the low latitudes over a warm sea surface.
The fall of barometric pressure is generally a slow, gradual
process to about 1000 millibars (mb). The strongest winds
occur to the north of the developing vortex in the Northern
Hemisphere.



3. Tropical Depression

The term "tropical depression” defines the situation
when there is a closed circulation (a closed isobar generally
locates the center of the depression) and the maximum
sustained wind speedl is below 34 kt, although gusts may
exceed 34 kt.

4. Tropical Storm

If a tropical cyclione has maximum sustained winds
of 34 to 63 kt, it is termed a tropical storm and is assigned
a name by the FWC/JTWC. Not all tropical depressions reach
this stage.

Assuming that the cyclone intensifies, the center
pressure falls rapidly below 1000 mb and the winds form a
tight band around the center. Cloud and rain patterns develop
into narrow organized bands, spiraling inward toward the
center.

5. Typhoon

A tropical cyclone in the western North Pacific with
maximum sustained winds of 64 kt or greater is called a typhoon.
The tropical cyclone is considered immature as long as the
barometric pressure is falling and the speed of the gusty winds
increase. In an immature stage; the typhoon strength winds
may exist within a relatively small area.

lThe maximum winds referred to usually occur near the
center and near the eye wall. However, strong winds will
usually extend a considerable distance outward from the
center, particularly in the dangerous semicircle. In this
connection, sustained wind is defined as the average wind
over a specified time period. The wind will be stronger in

gusts, and peak gusts may be 50% higher than the sustained
wind.
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When the central surface pressure stops falling,
and the sustained wind speed regime stabilizes, the mature
stage is reached; however the size of the storm may continue
to increase for a number of days. The circulation of a large,
mature typhoon can be over 1000 n mi in diameter, with winds
exceeding 64 kt in a region 150 n mi in diameter.

The right side (relative to the track of the
cyclone) of a tropical cyclone in the Northern Hemisphere is
known as the "dangerous semicircle,”" while the left side is
known as the "navigable semicircle" (navigable does not imoly
that a ship can maneuver without difficulty and the left side
is still extremely dangerous). Figure 1 gives an overall
view of the wind pattern around the eye of a Northern
Hemisphere, 150-kt typhoon. Note the relationship between
the wind intensity and the direction of movement in the right
semicircle relative to the direction of motion.

LEGEMD ¢

A soKT
L—— okt

v

SOUTH
au

Figure 1. Distribution of surface wind speeds (kt)
around a 150-kt typhoon in the Northern Hemisphere
over open water. The arrow indicates direction of
movement (after Harding and Kotsch, 1965).



6. Dissipation Stage

Dissipation occurs when the maximum wind speed
declines steadily along with a rising central barometric
pressure.

2.2 TROPICAL CYCLONE MOVEMENT

Individual tropical cyclones (the term tropical cyclone
is inclusive of tropical depressions, tropical storms, and
typhoons) may follow irregular and widely differing tracks.

In general they begin in the tropics and usually move west to
west-northwest. Some cyclones move from the tropical latitudes
to the temperate latitudes, their northwest movement becoming
northward and finally northeastward. This change in direction
through north to the northeast is known as "recurvature."

In a study of 586 western North Pacific tropical storms
and typhoons which occurred during the months of May-December,
1945-1969, Burroughs and Brand (1972) found that 236 (%020, o f
them recurved. The majority of typhoons which are a matter
of concern to Japan are the recurvers. The above value of
40% is derived from Table 1. Note the change in the percent
that recurve for each month. Appendix A shows the mean
monthly and part monthly tracks of all typhoons in the western
North Pacific for the June-October period,

Prior to recurvature tropical cyclones typically move
at speeds from 8 to 14 kt. After recurvature, they may
accelerate within a period of 48 hours to speeds 2-3 times
that at the point of recurvature (Burroughs and Brand, 1972).
This acceleration is mainly due to the system entering the
belt of prevailing westerly winds, and varies with the time
of year.

As a tropical cyclone moves into temperate latitudes,
it comes into contact with cooler surface waters and cooler
air is drawn into its circulation. These factors hasten its
weakening and dissipation.



Table 1. Recurving tropical storms and typhoons versus
total number of tropical storms and typhoons separated
by monthly periods for the period 1945-1969 (Burroughs
and Brand, 1972).

Recurving Total

Tropical Tropical

Storms & Storms & Percent

Typhoons Typhoons That
Period 1945-1969 1945-1969 Recurve
May 14 24 58%
June 14 40 35
July 17 88 20
August 39 113 35
September 53 123 43
October 52 94 55
November 34 70 48
December 13 34 38
May-December 2slb 586 40%

2.3 SEA STATE AROUND TROPICAL CYCLONES

Wind is the driving force which generates the waves and
produces the state of the sea. Swell, which affects ship
movement, extends well beyond the wind field associated with
a tropical cyclone. A miscalculation or imprudent decision
concerning sea conditions may lead to a destructive rendezvous
with a storm. Though the tropical cyclone's maximum wind and
wind distribution relative to the center can be described with
fair accuracy, a forecast of the sea state is more difficult.
The character of the sea state is primarily a function of
storm size, duration and intensity and storm path.
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Figure 2 shows the combined sea height2 associated with
21 tropical storms and typhoons to the east of the Philippines
(based on 173 analyses for the year 1971) plotted as a function
of distance from the storm center and storm intensity (Brand,
et al., 1973). There is a large variation in the sea state
with storm intensity. A tropical storm (wind category
34-63 kt) can produce 12-ft seas approximately 200 n mi from
the storm center, while an intense typhoon (wind category
> 100 kt) can produce 12-ft seas approximately 450 n mi from
the center. The distances given are mean distances since the
isopleths of combined sea height are not symmetric about the
storm center.

Brand et al. (1973) found that the actual wave heights
are at least partially dependent on the direction in which
the storm is moving. For example, Figure 3 shows the average
combined sea-height pattern (9-15 ft range) for recurved
storms moving on headings between 001° and 090° and is based
on 24 sea-state analyses for tropical storms and typhoons that
occurred during 1971. Note that the greatest area of higher
seas (9-15 ft range) éxists to the rear and toward the right
(dangerous) semicircle of the storm.

The combined sea height is defined as the square root
of the sum of the squares of "significant" sea and swell
height. Sea refers to wind waves, and swell consists of wind
generated waves which have advanced into regions of weaker or
calm winds. "Significant" is defined here as the average
height of the highest one third of the waves observed over a
specified time.

11
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Figure 2. The combined sea height (9-15 ft range) around 2]
tropical storms and typhoon (based on 173 analyses for the
year 1971) plotted against distance from storm center and
given as a function of intensity (Brand, iy BN O3 ),

DIRECTION OF MOVEMENT
001° — 090°

Figure 3. Combined sea-height isopleths (9-15 ft) based on
24 analyses of tropical storms and typhoons heading between
001°-090°. The mean speed of movement for these 24 analyses
was 12.1 kt, and the mean intensity was 64.6 kt (after Brand,
et al., 1973).
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2.4 INTENSITY

In an examination of 66 recurving typhoons (1957-1968),
Riehl (1971) found that most typhoons reach their maximum
intensity at, or just prior to, the point of recurvature
(see Table 2). Since the mean latitude of recurvature in
the western Pacific is approximately 23°N, most typhoons are
decreasing in intensity as they are approaching Japan.

Table 2. Point of reaching typhoon maximum intensity for
66 cases of recurving typhoons based on 12-hourly
observations (1957-1968) (after Riehl, 1971).

Number of cases

Maximum intensity occurred 43
within 12 hours of recurvature

Maximum intensity occurred one

day or more before recurvature 22
Maximum intensity occurred one 1
day or more after recurvature

Total 66

13



3. JAPAN

3.1 JAPANESE ISLANDS

Japan is an island nation in the western part of the North
Pacific Ocean off the eastern coast of the Asiatic mainland,
consisting of a chain of islands extending in an arc from
northeast to southwest. The northeastern tip of the chain is
at 46°N, 143°E and the southernmost point is at 26°N, 131°E.
The four main islands of Japan from north to south are
Hokkaido, Honshu, Shikoku, and Kyushu. Hundreds of smaller
islands Tie off the coasts of the main ones. Figure 4 shows
the position of Japan relative to the surrounding land and
water masses.

3.2 HONSHU

Honshu is the Targest of the main Japanese Islands. The
Numazu Operating Area in south central Honshu is used routinely
by the U.S. Navy. Additionally, commercial shipping firms
utilize three small harbors in the area.

The island of Honshu is one of the most rugged of land
areas. The mountains in the north central area average
5,000 ft to 10,000 ft in height and are often called the
Japanese Alps. Northern Honshu is less mountainous. Figure 5
depicts the predominant topographic features of central Honshu.
The mountainous terrain of central Honshu has a distinct
influence on the weather in the Numazu Operating Area.

A detailed description of the coasts and harbors of
Honshu can be found in the Sailing Directions (Enroute) for
Japan, H.0. Pub. Number 156.

14
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Figure 4. Map of western North Pacific Ocean, showing the
main Japanese Islands.
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Figure 5. Topographical map of central Honshu in vicinity
of the Numazu Operating Area.
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4. NUMAZU OPERATING AREA -- GENERAL DESCRIPTION

4.1 LOCATION AND TOPOGRAPHY

The terrain around Suruga Bay is generally rugged and
mountainous. The dominant topographic feature in the area is
Fujiyama (12,395 ft), the highest mountain in Japan. This
extinct volcano rises from the northern shore of the bay to
its peak, 12 n mi away. Along the eastern and western coasts,
the mountains rise abruptly to heights in excess of 4000 ft
and 6000 ft, respectively. These ridges 1lie generally in a
north-south orientation with a "saddle" between them and
Fujiyama. Figure 6 shows the topographic features of this
region.

The Numazu Operating Area takes its name from the city
of Numazu, which is located at 35°05'N, 138°52'E at the
northwestern side of the Izu Peninsula on the northeast shore
of Suruga Bay. The harbors of Shimizu and Tagonoura are also
Tocated, respectively, on the western and northern shore of
Suruga Bay. Figure 7 locates some pertinent features. Suruga
Bay penetrates the southern coast of Honshu in a north-
northeasterly direction for a distance of approximately
35 n mi. Numerous ships of various sizes transit the bay
enroute to the harbors mentioned.>

Suruga Bay itself is characterized by extreme depths.

At its entrance, the depth is in excess of 8000 ft. An
exception is in the south central region of the bay where the
bottom rises up to within 100 ft of the surface. Along the
northern shore the bottom drops off to over 100 fathoms within

a mile of the coast. Figures 7 and 8 reflect hydrographical
features of Suruga Bay.

Shimizu is a major container ship port for central
Honshu; Tagonoura is a small exporting industrial city; and
Numazu is a local port for small (less than 500 tons) fishing
and rock gathering boats.

1.7
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Figure 7. Geographical depiction of Suruga Bay featuring
bathymetry of the Bay (see Figure 8 for cross sectional
depiction of A-A').
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5. TROPICAL CYCLONES AFFECTING THE NUMAZU OPERATING AREA

5.1 CLIMATOLOGY

Tropical cyclones which affect the Numazu Operating Area
generally form in an area bounded by the latitudes 5°N and
30°N and the longitudes 120°E and 165°E. The latitudinal
boundaries shift poleward during the summer months and then
equatorward in winter in response to the seasonal location of
the southern boundary of the prevailing easterlies.

In the genesis area mentioned above, typhoons have
occurred in all months but, with rare exceptions, those
affecting the main Japanese Islands are confined to the period
May to November. Late summer and early autumn are the like-
liest seasons. Size and intensity of the storms vary widely.
The majority of those that pose a "threat" to the area (any
tropical cyclone approaching within 180 n mi of Numazu is
defined as a "threat" for the purpose of this study) occur
during the months June-October. Figure 9 gives the frequency
distribution of threat occurrences by 5-day periods. This
summary of 84 tropical cyclones is based on data for the
28-year period, June-October 1947-1974. Note that the maximum
number occur during August and September.4

Figure 10 displays the "threat" of tropical cyclones
according to the octant from which they approached the 180 n
mi radius threat area. The circled numbers indicate the
total that approached from an individual octant. The figure
count for an octant of approach includes both recurving and

4A total of 89 tropical cyclones passed within 180 n mi
of the Numazu Operating Area during the May-November period
for the years 1947-1974. Eighty-four (94%) of these tropical
cyclones passed within 180 n mi during the 5 months, June-

October, and the remaining 5 passed in the months May and
November,

21



NR OF TROPICAL CYCLONES

Figure 9. Frequency of tropical cyclones that passed within
180 n mi of the Numazu Operating Area. Subtotals are based
on 5-day periods for tropical cyclones that occurred during
1947-1974. Shaded area indicates recurving tropical.

cyclones per 5-day period (that is, had a northeasterly
direction of movement at CPA).

N

Figure 10. Directions from which tropical cyclones entered
threat area during the period 1947-1974. Numbers circled
indicate the number of tropical cyclones that entered from

each octant. This is expressed as a percentage adjacent
to the circled number.
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non-recurving tropical cyclones. (See Section 2.2 for
description of recurving tropical cyclones.) The adjacent
numbers express this as a percentage. It is evident that

a majority of these approach from the southwestern quadrant.
A more detailed inspection of the sample of 84 tracks reveals
that 11 (13%) did not recurve before passina the Closest
Point of Approach (CPA) to the Numazu Operating Area.

Table 3 indicates that of the 84 tropical cyclones that
posed a "threat" to the Numazu Operating Area during the years
1947-1974, 46% passed to the east of Numazu, 42% passed to
the west and 12% passed in the immediate vicinitv (within
20 n mi) of the area. The apparent majority of the "threat"
tropical cyclones passing to the west or in the immediate
vicinity implies that the Numazu Operating Area is placed
quite often in the right or "dangerous" semicircle where
the winds and seas are more intense.

Table 3. "Threat" tropical cyclone passage relative
to Numazu (1947-1974).

Track relative to Numazu JUN JUL AUG SEP OCT TOTAL

Passed east of Numazu 3 3 13 12 8 39
Passed west of Numazu 2 7 12 11 3 35
Passed in the immedijate 1 1 3 4 1 10

vicinity of Numazu

Figures 11 through 15 represent an analysis of the esti-
mated “threat" probability for any tropical cyclone as it
approaches the Numazu Operating Area. The solid lines repre-
sent the probability of a system within an isoline coming within
180 n mi of the Numazu Operating Area. The dashed lines
represent the approximate time in days for a system to reach
Numazu based on typical speeds of movement of tropical cyclones

5]
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affecting Numazu (Table 4). For example, in Figure 11, a
tropical cyclone located at 27°N, 140°E has a 60% probability
of passing within 180 n mi of the Numazu Operating Area and

jt will reach Numazu in about one day.

Table 4. Average tropical cyclone speed of movement (kt)
per 5-degree latitude band for tropical cyclones
affecting the Numazu Operating Area for June-October.

LATITUDE BAND JUN JuL AUG SEP 0CT AVERAGE
30 - 35 N 23 IS s 20 28 19.8
25 - 30 17 172 11 14 21 15.0
20 - 25 13 10 1 11 13 11.6
15 - 20 10 10 10 11 12 10.6

The speeds in Table 4 were arrived at by considering
that as tropical cyclones recurve, their forward speed
characteristically, but not always, slows during the recurva-
ture period. It should be expected that the system will
subsequently accelerate rapidly toward the north or northeast.
Speeds of 20 to 30 kt are common and speeds as great as 50 kt
have been observed (Somervell and Jarrell, 1970).

5.2 WIND AND TOPOGRAPHICAL EFFECTS

A total of 50 tropical cyclones passed within 180 n mi
of the Numazu Operating Area in the 19 year period 1956-1974
during the months June-October, or about 2.6 per year.5
Table 5 groups the 50 tropical cyclones by strong (> 22 kt)
and gale force (> 34 kt) wind intensities (based on hourly

5From Chin (1972) for years 1956-1970 and from Annual
Typhoon Reports for years 1971-1974 (FWC/JTWC, 1971-1974).
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wind data) that they produced at Mishima.®

activity within 180 n mi of the Numazu Operating Area is at a

Tropical cyclone

maximum during the months of August and September and these
individual monthly values are also shown.

Table 5. Extent to which tropical cyclones affected the
Numazu Operating Area during the period June-October,
1956-1974 and for the individual months of August and
September,

JUN-OCT AUG SEP

Number of tropical cyclones
that passed within 180 n mi 50 20 16
of the Numazu Operating Area

Number of tropical cyclones

resulting in strong (> 22 kt) % - g
winds in the Numazu Operating 39 (?8A) 14 (70%) 115 (94%)

Area

Number of tropical cyclones

resulting in gale force 9 9 9
(> 34 ktg winds in the Numazu '25 (50%) | 10 (50%) | 10 (63%)

Operating Area

It can be discerned from Table 5 that 25 (50%) of the
total 50 tropical cyclones for the period June-October (1947-
1974) resulted in winds of 34 kt or greater at Mishima.
However, note that of the 16 tropical cyclones in September,
10 (63%) of these resulted in winds of 34 kt or greater.

The observation station at Mishima is located approxi-
mately 3 n mi northeast of the city of Numazu. The wind
instrument is located on top of the station in a residential
section of the city. There is no appreciable difference in
the elevation of the station and that of Numazu, both being
Tocated in a flat coastal plain lying between the mountainous

6Data provided by the Japanese Meteorological Agency
weather station located at Mishima, 3 n mi inland from the
Numazu Harbor (see Figure 7).
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ridge running south into the Izu Penninsula and Fujiyama to
the northwest. The observed wind is fairly representative

of that at the Numazu Harbor where the observation station
had been previously located. However, during the period 1964-
1973, the highest recorded wind gust in Numazu was 97 kt on
25 September 1966 while at Mishima the wind gust was recorded
at 82 kt (also the highest recorded during the period). This
southeasterly gust was attributed to Typhoon Ida which passed
30 n mi to the west of Numazu on 25 September 1966. During
this particular typhoon, sustained winds were recorded in
excess of 34 kt for 5 hours.

Winds in Suruga Bay are greatly influenced by the
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>